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1
DIGITAL AMPLITUDE MODULATION
APPARATUS AND CONTROL METHOD OF
DIGITAL AMPLITUDE MODULATION
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2012-
150310, filed on Jul. 4, 2012, and the entire contents of which
are incorporated herein by reference. This application is a
continuation application of International Application No.
PCT/IP2013/004124 filed on Jul. 3, 2013.

FIELD

Embodiments of the invention relate to a digital amplitude
modulation apparatus which is used in a transmission appa-
ratus of medium wave broadcasting and a control method of
the digital amplitude modulation apparatus.

BACKGROUND

In medium wave broadcasting, for example, a digital
amplitude modulation apparatus is used. The digital ampli-
tude modulation apparatus has a plurality of power amplifiers
arranged in parallel, controls the plurality of power amplifiers
to be ON/OFF inaccordance with a voltage amplitude level of
a signal to be modulated, to thereby change the number of the
power amplifiers which respectively output amplified carrier
signals, and combines the respective output signals of the
power amplifiers in an ON state, to thereby generate an ampli-
tude modulation signal, and transmits an amplitude modula-
tion signal wave to a prescribed broadcast service area.

In the above-described digital amplitude modulation appa-
ratus, when the power amplifier breaks down, or some sort of
fault occurs, there is a possibility that signal quality of an AM
(Amplitude Modulation) wave deteriorates. For this reason,
at lightning strike, or at the time of load system abnormalities
such as disconnecting, failure, and surge mixing, for example,
it is necessary to prevent breakdown of the power amplifier at
the time of degradation ofan SWR (Standing Wave Ratio) due
to load characteristic of an antenna.

So, the digital amplitude modulation apparatus, in order to
prevent breakdown of the power amplifier due to reflected
power from an antenna and so on, for example, monitors the
SWR, and controls the output power thereof based on the
SWR.

Conventionally, when the SWR exceeds a warning limit, a
method to turn off a switch of a transmission circuit, to
thereby make the output power zero, and a method to reduce
transmission power are known.

A general micro-computer is used for measurement of an
SWR. Since a CPU of the micro-computer has a large arith-
metic delay amount, the CPU of the micro-computer can not
follow rapid change of'the SWR due to lightning strike etc. in
real time.

In addition, a determining method using an SWR calcu-
lated from a reflection coefficient that is a ratio of a reflected
voltage to an incident voltage can not discriminate change of
the output power due to a phase component of the reflection
coefficient, and thereby narrows a broadcast service cover
area more than necessary.

In addition, a protection circuit may malfunction due to
degradation of the SWR by a modulation wave resulting from
load characteristic of an antenna.
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An object of the invention is to provide a digital amplitude
modulation apparatus and a control method of a digital ampli-
tude modulation apparatus which can perform protection
operation of a power amplifier without narrowing a cover
range of a broadcast service area and without deteriorating
signal quality of an AM wave.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration of a
digital amplitude modulation apparatus in a first embodi-
ment.

FIG. 2 is a diagram showing a circuit configuration of a
measuring section shown in FIG. 1.

FIG. 3 is a block diagram showing a specific configuration
of'a fast surge protection section and a slow vector protection
section shown in FIG. 1.

FIG. 4 is a diagram showing the relation between control
areas of the fast surge protection section and the slow vector
protection section in the first embodiment.

FIG. 5 is a block diagram showing a configuration of a
digital amplitude modulation apparatus in a second embodi-
ment.

FIG. 6 is a flow chart showing a control processing proce-
dure of a controller in the second embodiment.

FIG. 7 is a diagram showing the relation between control
areas of a fast surge protection section and a slow vector
protection section in a fourth embodiment.

DETAILED DESCRIPTION

According to an embodiment, a digital amplitude modula-
tion apparatus power-amplifies a transmission signal by a
plurality of power amplifiers arranged in parallel, each of
which is controlled to be ON/OFF in accordance with a volt-
age amplitude level of a signal to be modulated, combines
outputs of the respective power amplifiers by a combiner, to
generate an amplitude modulation signal as an RF (Radio
Frequency) signal, and transmits an amplitude modulation
wave to a prescribed broadcast service area.

The digital amplitude modulation apparatus is provided
with a measuring section, a fast surge protection section, a
slow vector protection section, and a controller. The measur-
ing section detects a voltage and a current from the amplitude
modulation signal. The fast surge protection section calcu-
lates an SWR using a detection signal outputted from the
measuring section, compares the relevant SWR with a prede-
termined threshold value, and obtains a first upper limit of the
number of the power amplifiers which can be put into an ON
state and generates a first control signal including the first
upper limit when the relevant SWR is larger than the thresh-
old value. The slow vector protection section is connected in
parallel with the fast surge protection section, calculates a
reflection coefficient using the detection signal outputted
from the measuring section, obtains an SWR from the rel-
evantreflection coefficient, compares the SWR obtained from
the reflection coefficient with the threshold value, and obtains
a second upper of the limit number of the power amplifiers
which can be put into an ON state and generates a second
control signal including the second upper limit when the
relevant SWR is not more than the threshold value. The con-
troller controls the power amplifiers to be ON/OFF in accor-
dance with the voltage amplitude level of the signal to be
modulated within the first upper limit upon receiving the first
control signal, and controls the power amplifiers to be
ON/OFF in accordance with the voltage amplitude level of
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the signal to be modulated within the second upper limit upon
receiving the second control signal.

Hereinafter, embodiments will be described with reference
to the drawings.

EMBODIMENTS
First Embodiment

In the first embodiment, all power amplifiers are controlled
such that they can be put into an ON state during normal
operation.

FIG. 1 is a block diagram showing a configuration of a
digital amplitude modulation apparatus in the first embodi-
ment.

A digital amplitude modulation apparatus 100 shown in
FIG. 1 has a carrier signal input terminal 101, a sound signal
input terminal 102, an output signal terminal 103, a controller
11, a power amplifying section 12, a combiner 13, a filter 14,
a measuring section 15, a fast surge protection section 16 and
a slow vector protection section 17.

A carrier signal, that is, a transmission signal is inputted to
the carrier signal input terminal 101. The carrier signal input-
ted to the carrier signal input terminal 101 is inputted to the
controller 11, and is distributed and supplied to n (n is an
arbitrary natural number) power amplifiers 121-12r of the
power amplifying section 12 through the controller 11.

A sound signal, that is, a signal to be modulated is inputted
to the sound signal input terminal 102. The inputted sound
signal is inputted to the controller 11.

The power amplifying section 12 includes the plurality of
power amplifiers 121-127. Each of the power amplifiers 121-
12n becomes in an ON state (a drive state) or in an OFF state
(a stop state) in accordance with an ON/OFF control signal or
aphase difference of the carrier signals, and the power ampli-
fiers 121-127 which are in the ON state amplify the carrier
signal. The power amplifying section 12 outputs the carrier
signals amplified by the power amplifiers 121-12#» which are
in the ON state.

The combiner 13 combines the amplified carrier signals
which the power amplifiers 121-127 in the ON state output, to
generated an amplitude modulation signal (an AM signal).

The filter 14 removes an unnecessary frequency compo-
nent from the AM signal outputted from the combiner 13. The
AM signal outputted from the filter 14 passes through the
measuring section 15, and is transmitted, as an amplitude-
modulated broadcast wave (an AM wave) of the RF band,
from a transmission antenna not shown toward a prescribed
area through the output signal terminal 103. Generally, a
transmission antenna is connected to a front of the output
signal terminal 103. A matching circuit, a filter and a rejector
may be interposed between the output signal terminal 103 and
the transmission antenna.

The order of the combiner 13, the filter 14 and the measur-
ing section 15 may be an order other than the order shown in
FIG. 1. In addition, even if the combiner 13 and the filter 14
are deleted from the digital amplitude modulation apparatus
100, there will be essentially no problem if a circuit to realize
afunction equivalent to those functions is present between the
output signal terminal 103 and the antenna.

As shown in FIG. 2, the measuring section 15 is provided
with a current pickup circuit 151 and a voltage pickup circuit
152. The current pickup circuit 151 picks up a current of the
AM signal flowing through the measuring section. The volt-
age pickup circuit 152 picks up a voltage of the AM signal.
The measuring section 15 supplies the picked up detection
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4

current and detection voltage as a detection signal to the fast
surge protection section 16 and the slow vector protection
section 17.

In the embodiment, the measuring section 15 detects the
voltage and the current having the same amplitude. But, the
measuring section 15 may detect a voltage v1 and a voltage v2
ata position distant from the detecting position of the voltage
v1 by M4 in the electric length. That is, the measuring section
may detect two signals which are same in amplitude and are
different in phase by /2.

The fast surge protection section 16 is composed of an
analog circuit. The fast surge protection circuit 16 calculates
an SWR using the detection signal, that is, the detection
current and the detection voltage which are picked up by the
measuring section 15, and compares the calculated SWR with
a predetermined threshold value. When the SWR is larger
than the threshold value, the fast surge protection section 16
obtains an upper limit of the number of the power amplifiers
121-127 (hereinafter, referred to as an upper limit of the
number of PAs) which can be put into an ON state based on
the SWR, and outputs an output control signal including the
upper limit of the number of PAs to the controller 11.

The slow vector protection section 17 is composed of a
digital circuit. The slow vector protection circuit 17 calculates
a reflection coefficient using the detection signal, that is, the
detection current and the detection voltage which are picked
up by the measuring section 15, and compares an SWR
obtained from the calculated reflection coefficient with a
threshold value. When the SWR is not more than the thresh-
old value, the slow vector protection circuit 17 obtains an
upper limit of the number of PAs indicating an upper limit of
the number of the power amplifiers 121-12#z which can be put
into an ON state, based on the reflection coefficient, and
outputs an output control signal including the upper limit of
the number of PAs to the controller 11.

The carrier signal from the carrier signal input terminal
101, the sound signal from the sound signal input terminal
102, the output control signal from the fast surge protection
section 16, and the output control signal from the slow vector
protection section 17 are inputted to the controller 11. The
controller 11 generates a control signal which controls the
power amplifier to be ON/OFF in accordance with a voltage
amplitude level of the sound signal, or generates a control
signal which controls a phase of the carrier signal in order to
control the power amplifier to be ON/OFF. The controller 11
is provided with a power controller 111, and a signal control-
ler 112.

Upon receiving the output control signal from the fast
surge protection section 16, the controller 11 controls the
power amplifiers to be ON/OFF in accordance with the volt-
age amplitude level of the sound signal within the upper limit
of'the number of PAs included in the output control signal. In
addition, upon receiving the output control signal from the
slow vector protection section 17, the controller 11 controls
the power amplifiers to be ON/OFF in accordance with the
voltage amplitude level of the sound signal within the upper
limit of the number of PAs included in the output control
signal.

The voltage amplitude level of the sound signal inputted to
the sound signal input terminal 102, the output control signal
from the fast surge protection section 16 and the output con-
trol signal from the slow vector protection section 17 are
inputted to the power controller 111. The power controller
111 calculates the number of the power amplifiers (the num-
ber of ON PAs) which are put into the ON state, in accordance
with the voltage amplitude level of the sound signal and the
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upper limit of the number of PAs, and controls the signal
controller 112 based on the number of ON PAs.

The signal controller 112 generates an ON/OFF control
signal or a phase difference of the carrier signals, based on the
number of ON PAs calculated by the power controller 111,
and performs ON/OFF control of the power amplifiers by the
ON/OFF control signal or the phase difference of the carrier
signals.

FIG. 3 is a block diagram showing a specific configuration
of the fast surge protection section 16 and the slow vector
protection section 17.

The fast surge protection section 16 is provided with an
addition circuit 161, a subtraction circuit 162, an SWR cal-
culation circuit 163, and an SWR comparison controller 164.

The addition circuit 161 adds the detection current and the
detection voltage that are the detection signal supplied from
the measuring section 15, to obtain an incident voltage.

The subtraction circuit 162 subtracts the detection current
and the detection voltage that are the detection signal supplied
from the measuring section 15, to obtain a reflected voltage.

The SWR calculation circuit 163 calculates the SWR from
a magnitude I' (gamma) of a reflection coefficient p that is a
quotient of the reflected voltage divided by the incident volt-
age.

The SWR comparison controller 164 compares the SWR
calculated by the SWR calculation circuit 163 with a prede-
termined threshold value. Ifthe SWR is larger than the thresh-
old value, the SWR comparison controller 164 generates the
output control signal indicating that the upper limit of the
number of PAs is 0, and outputs the output control signal to
the controller 11. The fast surge protection section 16 may
perform output power control utilizing the reflected voltage in
place of the SWR.

The fast surge protection section 16 is a means for rapidly
performing output control when relatively large reflected
voltage is generated, to cause the bearing force of the power
amplifier to become small, and protects the power amplifier.

On the other hand, the slow vector protection section 17 is
provided with a digital conversion circuit 171, a vector cal-
culation circuit 172, and a reflection coefficient comparison
controller 173.

The digital conversion circuit 171 performs analog-to-
digital conversion of the detection current and the detection
voltage that are the detection signal supplied from the mea-
suring section 15.

The vector calculation circuit 172 calculates a reflection
coefficient p which is averaged in the time domain from the
digital data obtained by the digital conversion circuit 171.

The reflection coefficient comparison controller 173
obtains an SWR from the reflection coefficient p obtained by
the vector calculation circuit 172, and compares the SWR
with the threshold value set in the fast surge protection section
16. When the SWR is not more than the threshold value, the
reflection coefficient comparison controller 173 generates the
output control signal indicating that the upper limit of the
number of PAs is m (m is an arbitrary natural number not
more than n) in accordance with the value of the reflection
coefficient p, and outputs the output control signal to the
controller 11.

In addition, the fast surge protection section 16 may per-
form the output power control using the reflected voltage. In
this case, the reflection coefficient comparison controller 173
compares the reflected voltage obtained from the reflection
coefficient p which is obtained by the vector calculation cir-
cuit 172 with the threshold value for the reflected voltage
which is set in the fast surge protection section 16. When the
reflected voltage is not more than the threshold value, the
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6

reflection coefficient comparison controller 173 generates the
output control signal indicating that the upper limit of the
number of PAs is m (m is an arbitrary natural number not
more than n) in accordance with the value of the reflection
coefficient p.

That is, when the reflected voltage or the sum of the inci-
dent voltage and the reflected voltage is relatively small, to
cause the bearing force of the power amplifier to become
large, the slow vector protection section 17 protects the power
amplifier while performing the output power control.

Next, an operation in the above-described configuration
will be described.

The fast surge protection section 16 rapidly performs the
output control when a relatively large reflected voltage is
generated, to protect the power amplifier.

The fast surge protection section 16 calculates an incident
voltage Vfand a reflected voltage Vr using a detection current
i and a detection voltage v1 which are detected by the mea-
suring section 15.

The addition circuit 161 converts the detection current i
into a voltage v2 which is different in phase from the detection
voltage v1 by /2, and calculates an absolute value of the
incident voltage V{ using the detection voltage v1 and the
voltage v2.

IVA=lv1+2|

The subtraction circuit 162 converts the detection current i
into the voltage v2 which is different in phase from the detec-
tion voltage v1 by 7/2, and calculates an absolute value of the
reflected voltage Vr using the detection voltage v1 and the
voltage v2.

[VrI=lvl-v2|

The SWR calculation circuit 163 calculates the SWR from
the absolute value | V1] of the incident voltage and the absolute
value |Vrl of the reflected voltage. The SWR is calculated by
the following expression.

SWR=(L+VrIAVA)/ (1= VAV

The SWR comparison controller 164 compares the SWR
calculated by the SWR calculation circuit 163 with a certain
threshold value. When the SWR calculated by the SWR cal-
culation circuit 163 is larger than the certain threshold value,
the SWR comparison controller 164 generates the output
control signal in which the upper limit of the number of PAs
is 0, that is, which puts the whole power amplifiers into an
OFF state. This is an output control signal to perform pro-
cessing for preventing breakdown of the power amplifier
when the load ends are short-circuited or opened by some
reason such as thunder, particularly at the time of short-
circuit.

As described above, the measuring section 15 can realize
the same processing by detecting, except the detection current
i, the voltage v1 and the voltage v2 at a position distant from
the detecting position of the voltage v1 by A/4 in the electric
length.

In addition, the SWR comparison controller 164 may use
the absolute value IVrl of the reflected voltage, instead of
using the SWR. In this case, the SWR comparison controller
164 compares the absolute value | Vrl of the reflected voltage
with a certain threshold value, and when the absolute value
IVrl ofthe reflected voltage is larger than the certain threshold
value, the SWR comparison controller 164 generates the out-
put control signal in which the upper limit of the number of
PAs is 0, that is, which puts the whole power amplifiers into an
OFF state.



US 9,263,881 B2

7

When the reflected voltage or the sum of the incident
voltage and the reflected voltage is relatively small, the slow
vector protection section 17 sets the upper limit of the number
of PAs to a prescribed number. By this means, while perform-
ing output power control so as not to narrow a broadcast
service cover area range more than necessary, the slow vector
protection section 17 protects the power amplifier.

The digital conversion circuit 171 performs analog-to-
digital conversion of the detection current i and the detection
voltage v1 which are detected by the measuring section 15.

The vector calculation circuit 172 performs digital pro-
cessing of the digitally converted detection current i and
detection voltage v1, to obtain the reflection coefficient p that
is a vector value which is averaged in the time domain. The
vector calculation circuit 172 performs digital processing of
the detection voltage v1 and the detection current i, or the
voltage v2 which is converted from the detection current i and
is different in phase from the detection voltage v1 by 7/2, to
calculate the reflection coefficient p=Vr/Vf.

The reflection coefficient comparison controller 173
obtains the SWR from the reflection coefficient p, and com-
pares the SWR with the threshold value set in the fast surge
protection section 16. When the SWR is not more than the
threshold value, the reflection coefficient comparison con-
troller 173 generates the output control signal indicating that
the upper limit of the number of PAs is a prescribed number,
based on the reflection coefficient p.

FIG. 4 shows the relation between a control area of the fast
surge protection section 16 and a control area of the slow
vector protection section 17. In FIG. 4, the threshold
value=SWR 2.0 divides the fast surge protection area from
the slow vector protection area. By this means, the processing
based on the output control signal of the fast surge protection
section 16 can prevent breakdown of the power amplifier by
the calculation delay and the delay due to averaging process-
ing of the slow vector protection section 17 resulting from the
digital processing. That is, when the SWR that is a scalar
value and is calculated by the fast surge protection section 16
is larger than the threshold value 2.0, the upper limit of the
number of PAs is made 0, and furthermore when the SWR
obtained from the reflection coefficient that is a vector value
calculated by the slow vector protection section 17 is larger
than the threshold value 2.0, priority is given to the processing
based on the output control signal of the fast surge protection
section 16, and the upper limit of the number of PAs is made
0.

On the other hand, when the SWR obtained from the reflec-
tion coefficient that is the vector value and is calculated by the
slow vector protection section 17 is smaller than the threshold
value 2.0, the apparatus is controlled as follows.

When the SWR is 1.0-1.3, the upper limit of the number of
PAs is changed as a, for example, based on the phase relation
between the incident voltage Vf and the reflected voltage Vr,
that is, the reflection coefficient p. In this case, the upper limit
becomes n. This is based on the thinking that when the
reflected voltage or the sum of the incident voltage and the
reflected voltage is relatively small, the bearing force of the
power amplifier is sufficient. According to this, the effect to
prevent more output power control than necessary is
obtained.

In addition, when the SWR obtained from the reflection
coefficient calculated by the slow vector protection section 17
is 1.3-1.6, the upper limit of the number of PAs is changed to
n-n/2 as d, for example.
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In addition, when the output power control is performed
based on the reflected voltage in place of the SWR, the output
power control is performed based on the same thinking as in
the SWR.

As described above, in the first embodiment, the fast surge
protection section 16 and the slow vector protection section
17 as the protection circuit are connected in parallel, in order
to prevent malfunction.

When the reflected voltage is relatively large, the number
of the power amplifiers 121-12# (the upper limit of the num-
ber of PAs) which can be put into the ON state is obtained,
using the fast surge protection section 16 capable of following
in real time. In addition, when the reflected voltage is rela-
tively large, the power amplifiers 121-12# have small margin
in the bearing forces.

On the other hand, when the reflected voltage or the sum of
the incident voltage and the reflected voltage is relatively
small, the number of the power amplifiers 121-12# (the upper
limit of the number of PAs) which can be put into the ON state
is obtained, using the slow vector protection section 17 which
performs the output control using the vector value. In addi-
tion, when the reflected voltage or the sum of the incident
voltage and the reflected voltage is relatively small, the power
amplifiers have sufficient margin in the bearing forces.

Accordingly, the first embodiment can perform optimum
protection operation of the power amplifiers 121-12x. The
first embodiment can rapidly protect the power amplifiers
121-127 at lightning strike. In addition, when the reflected
voltage or the sum of the incident voltage and the reflected
voltage is relatively small, while performing output power
control so as not to narrow a broadcast service cover area
range, the first embodiment can protect the power amplifiers
121-12#. In addition, the first embodiment can prevent mal-
function of the protection circuit due to deterioration of the
SWR by the modulation wave resulting from load character-
istic of an antenna.

In addition, the first embodiment makes the upper limit of
the number of PAs calculated by the fast surge protection
section 160, and rapidly makes the whole power amplifiers
121-127 OFF, and thereby can protect the whole power
amplifiers 121-12# against the rapid change of the SWR due
to lightning strike and so on.

In addition, in the first embodiment, when the SWR
obtained from the reflection coefficient calculated by the slow
vector protection section 17 is larger than the threshold value,
priority is given to the processing based on the output control
signal of the fast surge protection section 16. By this means,
breakdown of the power amplifier by the calculation delay
and the delay due to averaging processing of the slow vector
protection section 17 resulting from the digital processing can
be prevented by the processing based on the output control
signal of the fast surge protection section 16.

Second Embodiment

A second embodiment realizes the processing of the fast
surge protection section and the processing of the slow vector
protection section by a processor and a program of a control-
ler.

FIG. 5 is a block diagram showing a configuration of a
digital amplitude modulation apparatus in the second
embodiment. In addition, in FIG. 5, the same symbols as the
symbols described in FIG. 1 are given to the same portions as
the portions described in FIG. 1, and the duplicated descrip-
tion will be omitted.

The AM signal generated by the combiner 13 is supplied to
the measuring section 15 through the filter 14. The measuring
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section 15 picks up the current of the AM signal flowing
through the measuring section 15 using the current pickup
circuit 151, and picks up the voltage of the AM signal using
the voltage pickup circuit 152. And, the measuring section 15
supplies the picked up detection current and detection voltage
to a controller 18 as the detection signal.

FIG. 6 is a flow chart showing a control processing proce-
dure of the above-described controller 18.

The controller 18 calculates the SWR in the fast surge
protection section using the detection current and the detec-
tion voltage picked up by the measuring section 15, and
calculates the reflection coefficient using the detection cur-
rent and the detection voltage, and calculates a reflected
power from the reflection coefficient in the slow vector pro-
tection section (step ST6a). The controller 18 compares the
SWR with a predetermined threshold value, and judges
whether or not the SWR is larger than the threshold value
(step ST6b).

Here, when the SWR is larger than the threshold value
(Yes), the controller 18 makes the upper limit of the number
of PAs “0”, and controls the whole power amplifiers 121-12»
to the OFF state (step ST6c).

On the other hand, when the SWR is not more than the
threshold value (No), the controller 18 obtains the upper limit
of the number of PAs based on the reflection coefficient
calculated in the slow vector protection section, and controls
the power amplifiers 121-12% to be ON/OFF in accordance
with the voltage amplitude level of the sound signal within the
upper limit of the number of PAs (step ST6d).

As described above, even in the second embodiment, the
same operation and effect can be obtained as in the first
embodiment.

Third Embodiment

In a third embodiment, the apparatus is controlled so that a
part of the power amplifiers out of the whole power amplifiers
can be put into an ON state during normal operation.

Here, the apparatus is controlled so that only eight power
amplifiers 121-128 out of the power amplifiers 121-12»
shown in FIG. 1 can be put into the ON state.

Next, an operation in the above-described configuration
will be described.

The fast surge protection section 16 calculates the incident
voltage Vfand the reflected voltage Vr of the AM signal based
onthe power amplifiers 121-128 which can be put into the ON
state during normal operation. That is, the fast surge protec-
tion section 16 calculates, using the detection voltage v1, and
the voltage v2 which is converted from the detection current
iand is different in phase from the detection voltage v1 by 7/2,
the absolute value | V1] of the incident voltage and the absolute
value IVrl of the reflected voltage. IVIl=lvl+v2|, and
IVrl=lvl-v2l. And when the absolute value |Vr| of the reflec-
tive voltage is not less than the certain threshold value, or the
SWR (=(1+IVrl/IVHl)/(1-I1Vrl/IVA])) that is the scalar value
and is calculated using the SWR calculation circuit 163 is
larger than the certain threshold value, the SWR comparison
controller 164 generates the output control signal indicating
that the upper limit of the number of PAs is 0, that is the output
control signal to put the whole power amplifiers into the OFF
state. This is the output control signal to perform processing
for preventing breakdown of the power amplifier when the
load ends are short-circuited or opened by some reason such
as thunder, particularly at the time of short-circuit.

As described above, the measuring section 15 can realize
the same processing by detecting, except the detection current
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i, the voltage v1 and the voltage v2 at a position distant from
the detecting position of the voltage v1 by A/4 in the electric
length.

The slow vector protection section 17 performs digital
processing of the detection current i and the detection voltage
v1 which are detected by the measuring section 15, to obtain
the reflection coefficient p that is the vector value and is
averaged in the time domain. The reflection coefficient p=Vr/
VT is calculated by the digital processing of the detection
voltage v1 and the detection current i or the voltage v2 which
is converted from the detection current i and is different in
phase from the detection voltage vl by m/2. The SWR
obtained from the reflection coefficient p is compared with
the threshold value set in the fast surge protection section 16.
When the SWR is not more than the threshold value, the slow
vector protection section 17 determines the upper limit of the
number of PAs based on the reflection coefficient p, and
generates the output control signal including the upper limit
of the number of PAs.

When the SWR that is the scalar value and is calculated by
the fast surge protection section 16 is larger than the threshold
value 2.0, the controller 11 makes the upper limit of the
number of PAs 0, and furthermore when the SWR obtained
from the reflection coefficient that is the vector value and is
calculated by the slow vector protection section 17 is larger
than the threshold value 2.0, the controller 11 gives priority to
the processing based on the output control signal of the fast
surge protection section 16, and makes the upper limit of the
number of PAs 0.

On the other hand, when the SWR obtained from the reflec-
tion coefficient that is the vector value and is calculated by the
slow vector protection section 17 is smaller than the threshold
value 2.0, the apparatus is controlled as follows.

When the SWR obtained from the reflection coefficient is
1.0-1.3, the controller 11 controls the power amplifiers 121-
128 so that they can be put into the ON state, based on the
phase relation between the incident voltage V{ and the
reflected voltage Vr, that is, the reflection coefficient p, and
controls the power amplifiers 129-12# that are in the OFF
state during normal operation so that they can be put into the
ON state. That is, the controller 11 controls the upper limit of
the number of PAs to “n”.

When the SWR obtained from the reflection coefficient is
1.3-1.6, the controller 11 keeps the state in which the power
amplifiers 121-128 can be put into the ON state, based on the
phase relation between the incident voltage V{ and the
reflected voltage Vr, that is, the reflection coefficient p.

In addition, when the SWR obtained from the reflection
coefficient calculated by the slow vector protection section 17
is 1.6-1.8, the controller 11 controls the power amplifiers
126-128 so that they can not be put into the ON state, out of
the power amplifiers 121-128 which can be put into the ON
state, based on the phase relation between the incident voltage
VT and the reflected voltage Vr, that is, the reflection coeffi-
cient p, that is, the controller 11 controls the upper limit of the
number of PAs to “5”.

As described above, even in the above-described third
embodiment, the same operation and effect can be obtained as
in the above-described first embodiment. In particular, the
output of the digital amplitude modulation apparatus can be
decreased or increased in accordance with the reflection coef-
ficient calculated by the slow vector protection section 17,
and thereby the digital amplitude modulation apparatus can
flexibly cope with changes.

Fourth Embodiment

In a fourth embodiment, the upper limit of the number of
PAs calculated by the fast surge protection section 16 is not 0,
but 1 or 2.
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FIG. 7 shows the relation between a control area of the fast
surge protection section 16 and a control area of the slow
vector protection section 17. In FIG. 7, the threshold
value=SWR 1.8 divides the fast surge protection area from
the slow vector protection area.

The fast surge protection section 16 calculates the incident
voltage Vfand the reflected voltage Vr of the AM signal based
onthe power amplifiers 121-128 which can be put into the ON
state during normal operation. That is, the absolute value V1l
of the incident voltage and the absolute value |Vrl of the
reflected voltage are calculated, using the detection voltage
v1 and the voltage v2 which is converted from the detection
current i and is different in phase from the detection voltage
vl by w2. IViI=lvl+v2l, and IVrI=lvl-v2|. And when the
absolute value |Vl of the reflective voltage is larger than the
certain threshold value, or the SWR (=(1+IVrl/IVIl)/(1-IVrl/
V1)) that is the scalar value and is calculated using the SWR
calculation circuit 163 is larger than the certain threshold
value, the fast surge protection section 16 generates the output
control signal indicating that the upper limit of the number of
PAs is “2”.

The slow vector protection section 17 performs digital
processing of the detection current i and the detection voltage
v1 detected by the measuring section 15, to obtain the reflec-
tion coefficient p that is the vector value and is averaged in the
time domain. The reflection coefficient p=V1/V{is calculated
by the digital processing of the detection voltage v1 and the
detection current i or the voltage v2 which is converted from
the detection current i and is different in phase from the
detection voltage v1 by m/2. The SWR obtained from the
reflection coefficient p is compared with the threshold value
set in the fast surge protection section 16. When the SWR is
not more than the threshold value, the slow vector protection
section 17 determines the upper limit of the number of PAs
based on the reflection coefficient p, and generates the output
control signal including the upper limit of the number of PAs.

When the SWR that is the scalar value and is calculated by
the fast surge protection section 16 is larger than the threshold
value 1.8, the controller 11 makes the upper limit of the
number of PAs 2. In addition, when the SWR obtained from
the reflection coefficient that is the vector value and is calcu-
lated by the slow vector protection section 17 is larger than the
threshold value 1.8, the controller 11 gives priority to the
processing based on the output control signal of the fast surge
protection section 16, and makes the upper limit of the num-
ber of PAs 2. Here, the controller 11 controls so that only the
power amplifiers 121, 122 can be put into the ON state.

On the other hand, when the SWR obtained from the reflec-
tion coefficient that is the vector value and is calculated by the
slow vector protection section 17 is not more than the thresh-
old value 1.8, for example, when the SWR obtained from the
reflection coefficient is 1.0-1.3, the controller 11 changes the
upper limit of the number of PAs based on the phase relation
between the incident voltage Vf and the reflected voltage Vr,
that is, the reflection coefficient p.

As described above, even in the above-described fourth
embodiment, the same operation and effect can be obtained as
the first embodiment, and particularly when the apparatus
controls so that only one or two power amplifiers can be put
into the ON state, the apparatus can rapidly perform ON
control.

According to one of the embodiments, it is possible to
provide a digital amplitude modulation apparatus and a con-
trol method of a digital amplitude modulation apparatus
which can perform protection operation of a power amplifier
without narrowing a cover range of a broadcast service area
and without deteriorating signal quality of an AM wave.
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Other Embodiments

The invention is not limited to the above-mentioned
embodiments as they are, and in a practical phase, a compo-
nent can be changed and embodied within a range which does
not deviate from the gist thereof. In addition, various inven-
tions can be formed with proper combination of two or more
components currently indicated by the above-mentioned
embodiments. For example, some components may be
deleted from all components indicated in the embodiments.
Furthermore, a component covering the different embodi-
ments may be combined properly.

What is claimed is:

1. A digital amplitude modulation apparatus which power-
amplifies a transmission signal by a plurality of power ampli-
fiers arranged in parallel, each of which is controlled to be
ON/OFF in accordance with a voltage amplitude level of a
signal to be modulated, combines outputs of the respective
power amplifiers by a combiner, to generate an amplitude
modulation signal as an RF (Radio Frequency) signal, and
transmits an amplitude modulation wave to a prescribed
broadcast service area, the digital amplitude modulation
apparatus comprising:

a measuring section which detects a voltage and a current
from the amplitude modulation signal, and outputs a
detection signal including a detection current and a
detection voltage;

a fast surge protection section which calculates an SWR
(Standing Wave Ratio) using the detection signal out-
putted from the measuring section, compares the SWR
with a predetermined threshold value, obtains a first
upper limit of the number of the power amplifiers which
can be put into an ON state and generates a first control
signal including the first upper limit when the SWR is
larger than the threshold value;

a slow vector protection section which is connected in
parallel with the fast surge protection section, calculates
areflection coefficient using the detection signal output-
ted from the measuring section, obtains an SWR from
the reflection coefficient, compares the SWR obtained
from the reflection coefficient with the threshold value,
and obtains a second upper limit of the number of the
power amplifiers which can be put into an ON state and
generates a second control signal including the second
upper limit when the SWR obtained from the reflection
coefficient is not more than the threshold value; and

a controller which controls the power amplifiers to be
ON/OFF in accordance with the voltage amplitude level
of the signal to be modulated within the first upper limit
upon receiving the first control signal, and controls the
power amplifiers to be ON/OFF in accordance with the
voltage amplitude level of the signal to be modulated
within the second upper limit upon receiving the second
control signal.

2. The digital amplitude modulation apparatus as recited in
claim 1, characterized in that: the fast surge protection section
obtains the first upper limit based on the SWR; and the slow
vector protection section obtains the second upper limit based
on the reflection coefficient.

3. The digital amplitude modulation apparatus as recited in
claim 1, characterized in that: when the SWR is larger than the
threshold value, the fast surge protection section makes the
first upper limit “0”.

4. The digital amplitude modulation apparatus as recited in
claim 1, characterized in that: the controller processes the first
control signal in priority to the second control signal.
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5. The digital amplitude modulation apparatus as recited in
claim 1, characterized in that: the measuring section detects
two signals which are same in amplitude and are different in
phase by /2.

6. The digital amplitude modulation apparatus as recited in
claim 1, characterized in that: the fast surge protection section
obtains the first upper limit based on a reflected voltage; and
the slow vector protection section obtains the second upper
limit based on the reflection coefficient.

7. The digital amplitude modulation apparatus as recited in
claim 1, characterized in that: the reflection coefficient cal-
culated by the slow vector protection section is a refection
coefficient which is averaged in a time domain.

8. A control method of a digital amplitude modulation
apparatus which power-amplifies a transmission signal by a
plurality of power amplifiers arranged in parallel, each of
which is controlled to be ON/OFF in accordance with a volt-
age amplitude level of a signal to be modulated, combines
outputs of the respective power amplifiers by a combiner, to
generate an amplitude modulation signal as an RF (Radio
Frequency) signal, and transmits an amplitude modulation
wave to a prescribed broadcast service area, the control
method comprising:

detecting a voltage and a current from the amplitude modu-

lation signal, to output a detection signal including a
detection current and a detection voltage;
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calculating an SWR (Standing Wave Ratio) using the

detection signal, comparing the SWR with a predeter-
mined threshold value, and obtaining a first upper limit
of the number of the power amplifiers which can be put
into an ON state based on the SWR and generating a first
control signal including the first upper limit when the
SWR is larger than the threshold value, by a fast surge
protection section;

calculating a reflection coefficient using the detection sig-

nal, obtaining an SWR from the reflection coefficient,
comparing the SWR obtained from the reflection coef-
ficient with the threshold value, and obtaining a second
upper limit of the number of the power amplifiers which
can be put into an ON state based on the reflection
coefficient and generating a second control signal
including the second upper limit when the SWR
obtained from the reflection coefficient is not more than
the threshold value, by a slow vector protection section;
and

controlling the power amplifiers to be ON/OFF in accor-

dance with the voltage amplitude level of the signal to be
modulated within the first upper limit upon receiving the
first control signal, and controlling the power amplifiers
to be ON/OFF in accordance with the voltage amplitude
level of the signal to be modulated within the second
upper limit upon receiving the second control signal.
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